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Introduction
The transmission and control of power by means of fluid under pressure is becoming increasingly used in all branches of industry specially packaging industry. The extensive use of hydraulics and pneumatics systems to transmit power is because properly constructed fluid power systems possess a number of favorable characteristics. For instance, they eliminate the need for complicated systems of gears, cams, and levers. In addition, they transmit motion without the slack or delay inherent in the use of solid machine parts. In particular, pneumatic systems are very common, and have much in common with hydraulic systems with a few key differences. The reservoir is eliminated, as there is no need to collect and store the air between uses in the system. Also because air is a gas it is compressible and regulators are not needed to recirculate flow, but the compressibility also means that the systems are not as stiff or strong.
Pneumatic systems respond very quickly, and are commonly used for low force applications in many locations on the factory floor. From pedagogical standpoint, knowledge and understanding of hydraulic and pneumatic systems and their components make engineers better qualified to performance their job in industrial. The significant feedback received from employers in industry stated that the department's graduates need to be better trained in hydraulics and pneumatics. By doing this lab activities themselves, students not only learn how to operate the system, but they will also be challenged (via lab activities) to do the tasks, provided with a real-life scenario. And their performance will be measured based on their critical thinking for completing the circuit.
Despite the immense capabilities of hydraulics presented in terms of moving higher loads and in other industrial utilization, pneumatics are still in wide use. Pneumatics is used mainly in mining and general construction works. Pneumatic devices are used frequently in the dentistry industry across the world. On the other hand, hydraulics means use of pressurized fluids to execute a mechanical task. Hydraulics is frequently used in the concepts of turbines, dams, and rivers. Air brakes in buses, air compressors, compressed air engines, jackhammers, and vacuum pumps are some of the most commonly used types of mechanical equipment that are based on pneumatics technology. Commonly seen hydraulics based equipment types are hydraulic presses, hydraulic hoppers, hydraulic cylinders, and hydraulic rams (Abolghasemi M., 2017).
The undergraduate Mechanical Engineering Technology curriculum at University includes a course on fluid power, called Fluid Power (MET 230), which is a sophomore-level course. About 60% of the course is lecture while the rest is devoted to lab activities. Table 1 shows various topics and their corresponding laboratory activities. The hydraulic laboratory activities are already completed and available; however, the pneumatic laboratory activities are in the process of development. Table below shows the outline of a typical Fluid Power
Course. Following are the objectives of the project:-1. To develop laboratory activities to be performed by students on Automation Studio.
2. To build a prototype design and layout using Bimba Products to test and verify the laboratory activities.
3. Prepare a laboratory manual for students and a solution manual for the imstructor.
4. To design a board layout for six other trainers with all the components on it.
5. Identify the drawer layouts including spare equipment.
6. Develop lab activities with conceptual problems and logical thinking to be answered by students.
Methodology
The design and development of the laboratory activities were completed in collaboration with the industrial partner (Bimba Manufacturing Inc., 2017). The author worked on one of the trainers, as the prototype, to build and test the designed laboratory activities (Figure 1) . After several rounds of discussion, design modification, and testing, a set of four pneumatic laboratory activities were finalized, as will be discussed in this section. Figure 1 shows the completed prototype design of the pneumatic circuit bench. Various software packages are available for design, control and simulation of hydraulic, pneumatic, and motion control (Hydraulic circuit design and simulation, 2016).
For this project, Automation Studio Software (2017) was used, which is an innovative system design, simulation and project documentation software solution for the design and support of automation of fluid power systems. The laboratory activities were verified using this simulation software. Figure 2 shows the example of a circuit design form Laboratory activity 2 in Appendix D. A detailed drawing of the pneumatic circuit bench along with the components was designed in Solidworks (Dassault Systems SolidWorks Corporation, 2017) . This drawing not only helped in just understanding the layout but also helped in enhancing the component's location and spacing. Figure 3 shows the detailed Solidworks drawing with components on the board. High-density polyethylene (HDPE) with ¼" thickness. The bench also includes two large drawer of size 29in × 24in × 5.5in to accommodate tubes and four small drawer of size 29in × 24in × 3.8in to accommodate fitting, valves, actuators, etc. Furthermore, the laboratory activities to be performed on the trainer are shown in Appendix D, with activities for students and Solution Manual in Appendix F. Also, Table 2 below shows a list of all the components used in all the laboratory activities, detailed list of components is provided in Appendix G. 
Discussion
After the implementation of the prototype laboratory activities were performed by students during fall, 2016. A verbal feedback from students was performed by the instructor to get a better understanding of the laboratories. It was collected by the instructor to make laboratory easier to understand to the future students. Students seems excited about the pneumatic part of the class. However, after the feedback of that survey and a brief discussion with faculty members it was recommended that the laboratory should include logical reasoning and questions.
To overcome that concern laboratory related problems were added to the laboratory activities and are shown in Appendix E. Students also need to make sketches and answer laboratory related questions, guidelines for that are shown in Appendix C.
Also Safety was also considered as one of the prominent factors while designing the pneumatic circuit bench. From that point of view it is recommended that not more than four students should work on one trainer at a time. Rules and guidelines related to safety for both student and instructor are shown in Appendices A 
